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The title compound, Ci 9 H 31 0 2 P, features a distorted tetra- 
hedral P atom that bonds to the phenyl ring, isopropyl and 2- 
isopropyl-5-methylcyclohexyl groups, and is determined as 
having an R p configuration. A chair conformation is observed 
for the cyclohexyl ring. In the crystal, molecules are linked 
into chains running along the a axis by weak intermolecular 
C— H- ■ O hodrogen bonds. 

Related literature 

For general background to P-chiral compounds and for related 
structures, see: Chaloner et al. (1991); Fu & Zhao et al. (2010). 



b = 17.196 (3) A 
c = 9.7075 (9) A 
P = 95.184 (1)° 
V = 978.3 (2) A 3 
Z = 2 

Data collection 

Siemens SMART 1000 CCD area- 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
T min = 0.951, r maI = 0.980 

Refinement 

R[F 2 > 2a(F 2 )} = 0.047 

W R(F 2 ) = 0.073 

S = 1.00 

3175 reflections 

205 parameters 

1 restraint 



Table 1 

Hydrogen-bond geometry (A, °). 



Mo Ka radiation 
jtt = 0.15 mm -1 
T = 298 K 

0.35 x 0.16 x 0.14 mm 



4964 measured reflections 
3175 independent reflections 
1991 reflections with I > 2a(l) 
R in , = 0.045 



H-atom parameters constrained 
Ap max = 0.22 e A~ 3 
Ap mi „ = -0.16 e A~ 3 
Absolute structure: Flack (1983), 

1775 Friedel pairs 
Flack parameter: 0.02 (11) 



D-H- -a 


D-H 


H- ■ A 


D-A 


D-H- - A 


C17-H17-02 1 


0.98 


2.44 


3.180 (4) 


132 


Symmetry code: (i) x - 


hl.y.z. 









Data collection: SMART (Siemens, 1996); cell refinement: SAINT 
(Siemens, 1996); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL. 

We acknowledge financial support by the Natural Science 
Foundation of China (No. 20772055). 




Experimental 

Crystal data 

C 19 H 31 0 2 P 
M r = 322.41 



Monoclinic, P2, 
a = 5.8847 (4) A 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: XU5176). 
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(/?p)-2-Isopropyl-5-methylcyclohexyl isopropyl(phenyl)phosphinate 
L.-J. Liu, H. Xu, R-J. Meng, D.-Q. Wang and C.-Q. Zhao 

Comment 

The P-chiral compound has been reported previously (Chaloner et ah, 1991). We recently reported the crystal stucture of 
(7?p)-a-hydroxy-cyclohexyl-menthyl phenylphosphinate, a compound readily synthesized by addition of (/? p )-phenylphos- 
phinate to cyclohexanone (Fu & Zhao, 2010). Herein we report a similar compound which is obtained by reaction of O- 
menthyl phenylphosphoryl chloride and isopropyl magnesium chloride. 

A stable chair conformation is observed for the cyclohexane ring of the 2-isopropyl-5-methylcyclohexyloxy, in which 
the isopropyl, methyl and oxygen atom locate at equatorial bond. The absolute configuration of C1, C3, and C4 are R, R, and 
S, respectively (Fig.l). In this P-chiral title compound, the configuration of the central P atom is R and four groups around 
the P atom form an irregular tetrahedron. The bond angle of Cll — PI — C17 is 107.61 (17)°, 01— PI— Cll is 105.66(14)°, 
01— PI— C17 is 101.39 (13)°, 02— PI— 01 is 115.03 (12)°, 02— PI— C17 is 114.76 (15)° and 02— PI— Cll is 
111.50 (17)° (Chaloner et al. 1991). In the crystal structure, intermolecular C17 — H17-02 hodrogen bonds connect mo- 
lecules into a one -dimensional chain (Fig. 2). 



O-Menthyl phenylphosphoryl chloride (0.3 mmol) was added to a stirred ether solution of isopropyl magnesium chloride 
(0.6 mmol) in a Schlenk tube under nitrogen, and the mixture was stirred for 24 h at room temperature. After washing with 
water, the resulting solution was purified by silica gel plate to afford the title compound. The crystal suit for X-ray diffraction 
was obtained from recrystallization with ethyl ether/hexane. 



H atoms were placed geometrically and treated as riding with C — H = 0.93 - 0.98 A, with (7i S0 (H) = 1.5f/ e q(C) for methyl 
H and £/j S0 (FT) = 1.2£/ eq (C) for all other H atoms. 



Experimental 



Refinement 



Figures 




Fig. 1. The molecular structure of the title compound, showing the atomic numbering scheme 
with 30% probability displacement ellipsoids. 
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Fig. 2. A view of the one-dimensional chain structure formed by C — H-0 hodrogen bonds in 
the title compound. H atoms not involved in hydrogen bondings have been omitted for clarity. 
[Symmetry codes: (i) x + \,y, z] 



(/?p)-2-lsopropyl-5-methylcyclohexyl isopropyl(phenyl)phosphinate 

Crystal data 

C19H31O2P ^(000) = 352 

M r = 322.41 D x = 1 .094 Mg nT 3 

Monoclinic, P2\ Mo Ka radiation, X = 0.71073 A 

Hall symbol: P 2yb Cell parameters from 1 152 reflections 

0 = 5.8847 (4) A 9 = 3.2-18.6° 

b= 17.196 (3) A H = 0.15 mm" 1 

c = 9.7075 (9) A 7=298K 

(3 = 95.184(1)° Block, colorless 

V= 978.3 (2) A 3 0.35 x 0.16 x 0.14 mm 

2 = 2 



Data collection 



Siemens SMART 1000 CCD area-detector 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

(p and co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
r min = 0.95 l,7 max = 0.980 
4964 measured reflections 



3175 independent reflections 

1991 reflections with / > 2a(7) 
R int = 0.045 

6max — 25.0 , 9 m jn — 2.4 

h = -6^7 

k = -20^20 
/ = -9^11 



Refinement 
Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 20CF 2 )] = 0.047 
wR(F 2 ) = 0.073 

S= 1.00 
3175 reflections 
205 parameters 
1 restraint 

Primary atom site location: structure-invariant direct 
methods 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (.F 0 2 ) + (0.0093P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/ 0 ) max = 0.001 

Apmax = 0.22 e A~ 3 
Ap m in = -0.16e A -3 

Absolute structure: Flack (1983), 1775 Friedel pairs 
Flack parameter: 0.02 (11) 
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Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > ciF 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Atomic displacement parameters (A 2 ) 
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Geometric parameters (A, °) 
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IzU.z (J) 


/ • 7 p A rio 

C3 — C4 — Co 


11/1 £ 

114.0 (3) 


PI1 py Tji /| 

C13 — C14 — hi 14 


nnn 

ny.y 


C3 — C4 — CJ 


1U I A (3) 


pif p 1 /I TJI /I 

CI J — C14 — hi 14 


1 1 A A 

ny.y 


Co — C4 — Cj 


111 A f1\ 

113.4 (3) 


P 1 /i pic pi/: 

C 1 4 — C 1 J — C 1 0 


1 TA A /C\ 
12U.4 (J) 


/ • 7 p A I I -1 

C3 — C4 — H4 


1 A*7 A 
1U /.U 


pi 1 A PIC UK 

C 14 — C 1 J — rl 1 J 


1 1 A O 

ny.o 


no p/1 O /I 

Co — C4 — H4 


1 A*7 A 
1U /.U 


p 1 r pi r UK 

C 1 0 — C 1 J — H 1 J 


1 1 A O 

ny.o 


PC p A II /I 

Cj — C4 — H4 


1 A*7 A 
1U /.U 


p 1 1 pi / PIC 

C 1 1 — CI 0 — C 1 J 


1 TA H (A \ 

IzU./ (4) 


/ • / rif p a 

Co — CD — C4 


111 1 /"I \ 

113.Z (3) 


pi 1 pi / 111/ 
CI 1 — Clo — Hlo 


1 1 ct a 

1 iy.o 


/ • / /"If TJf A 

Co — Cj — hi j A 


1 AO A 

lUo.y 


PI f pu II]/ 

C 1 J — C 1 0 — H 1 0 


1 1 c\ a 

ny.o 


pi /) nr Tjf a 

C4 — Cj — hi J A 


1 AO A 

lUo.y 


Pin p 1 -7 pio 

ciy — ci / — cio 


111 1 ci\ 
111.1 (3) 


Co — Cj — HjB 


1 AO A 

lUo.y 


p 1 c\ pi*7 n 1 

ciy — Cl / — r 1 


1 1 A A 0\ 

1 1U.4 (z) 


C4 — Cj — HjB 


1 AO A 

lUo.y 


pi 0 pi*7 n 1 
C 1 0 — C 1 / — r 1 


1 A A *7 C>\ 
lUy./ {I) 


IJC a /-if TJf n 

HjA — Cj — HjB 


1 A*7 *7 
1U /. / 


Pin p 1 -7 t 1 1 -7 

ciy — ci / — hi / 


1 AO C 

IUo.j 


PC p/r n 

C J — Co — C 1 


111 £ 

lll.o (3) 


pio pn 1 1 1 "7 
Clo — Cl / — HI / 


1 AO C 

IUo.j 


PC P£ T_T/C A 

C J — C o — hi o A 


1 AA 1 

iuy.3 


n 1 pn 1 1 1 "7 

r 1 — Cl / — HI / 


1 AO C 

IUo.j 


s • i p/: 1 1/. a 

C 1 — C 0 — hi 0 A 


1 AA 1 

iuy.3 


p|7 PIO T_T1 O A 

C 1 / — C 1 0 — H 1 0 A 


1 AA C 

iuy.j 


PC /-i/: [ i / n 

Cj — C o — hi o B 


1 AA 1 

iuy.3 


pn pio 1 1 1 on 
C 1 / — C 1 0 — H 1 or> 


1 AA C 

iuy.j 


P i / • / [ i / n 

CI — Co — HoB 


1 AA 1 

iuy.3 


TJ10A PIO I I 1 or> 

H 1 oA — C 1 0 — H 1 or> 


1 AA C 

iuy.j 


I [/ a p/: it/, n 

HoA — Co — Hor> 


1 AO A 

lUo.U 


P17 PIO I I | t) / • 

C 1 / — C 1 0 — H 1 oC 


1 AA C 

luy.j 


/ • 1 P"7 I I "7 A 

CI — C / — hi /A 


1 AA C 

luy.j 


moA pio ui or 
H 1 oA — C 1 0 — H 1 oC 


1 AA C 

iuy.j 


p i P"7 i nn 

CI — C / — H/B 


1 AA C 

luy.j 


T T 1 OTO P 1 O 111 t) / • 

H 1 or> — C 1 0 — H 1 oC 


1 AA C 

luy.j 


t t "7 a /-"7 i nn 
hi /A — C / — H /B 


1 AA C 

luy.j 


P17 pm TJ1AA 

ci / — ciy — HiyA 


1 AA C 

iuy.j 


v 1 v / 1 1 / V 


1U7.J 


CM P1Q T41QR 


1 HQ s 

1 \Jy.J 


H7A — C7 — H7C 


109.5 


H19A — C19 — H19B 


109.5 


H7B — C7 — H7C 


109.5 


C17 — C19 — H19C 


109.5 


C9 — C8 — CIO 


111.0 (3) 


H19A — C19 — H19C 


109.5 


C9 — C8 — C4 


113 7 f31 


H 1 9B — C 1 9 — H 1 9C 


109.5 


CIO — C8 — C4 


111 3 f31 






P.T r>i p.1 pi 

Uz — r 1 — Ul — C5 


33.5 (3) 


pc pyi po pin 
C5 — C4 — C8 — C 1 0 


£0 C fA\ 

— 00. J (4) 


pi 1 rj 1 p. 1 

CI 1 — r 1 — Ul — C5 


OA A S1\ 

-oy.y (3) 


p*^> T>1 P11 pn 
Uz — r 1 — Cl 1 — Clz 


1 HC A (1\ 

1 /0.4 (3) 


pn rji p.1 n 

CI / — rl — Ul — C5 


1 £"7 A 

1 j / .y (z) 


p.1 ni P11 pn 
Ul — r 1 — Cll — Clz 


CO A (1\ 

— jo.U (3) 


P/i PI P "1 pi 

Co — C 1 — Cz — 


f f f 

55.5 (4) 


pn rji P11 pn 
Cl / — r 1 — Cll — Clz 


A A *7 (1\ 

4y. / (3) 


p~7 n po pi 
C / — CI — Cz — Cj 


1 /y.i (3) 


P.T T>1 P11 P1/C 

Uz — r 1 — Cll — Clo 


-6.1 (3) 


T>1 p.1 pi pi 
rl — Ul — CJ — Cz 


-97.1 (3) 


ai rji pii pi/; 
Ul — r 1 — Cll — Clo 


1 1 A C (1\ 

ny.o (3) 


T>1 p.1 pi P/i 
r 1 — U 1 — C J — C4 


1/11 1 /''")\ 

141.3 (Z) 


pn rji P11 pi/; 
Cl / — r 1 — Cll — Clo 


-13Z. / {$) 


pi pi p-i p,i 
C 1 — Cz — C 5 — U 1 


1 TO 1 
—1 /O.l (3) 


pu P11 pn pn 
Clo — Cll — Clz — C13 


A A /C\ 
U.U (J) 


PI PI PQ P/1 

C 1 — Cz — Cj — C4 


f O T //l\ 

—Jo. 3 (4) 


T>1 P11 pn pn 
rl — Cll — Clz — C1J 


1 / /.0 (3) 


P.1 PI P/1 PO 

Ul — CJ — C4 — Co 


C7 H ( A \ 

-57.7 (4) 


pii pit pit pn 
Cll — Clz — Clo — C14 


0.2 (6) 


P*"> PT P/1 PO 

Cz — C3 — C4 — C8 


—176.6 (3) 


pn pn pi/i pic 
Clz — C13 — C14 — C15 


-0.7 (7) 


Ul— C3— C4— C5 


175.3 (3) 


C13— C14— C15— C16 


1.1 (7) 


C2— C3— C4— C5 


56.4 (4) 


C12— Cll— C16— C15 


0.3 (6) 


C3— C4— C5— C6 


-56.6 (4) 


PI— Cll— C16— C15 


-177.4 (3) 


C8— C4— C5— C6 


175.8 (3) 


C14— C15— C16— Cll 


-0.8 (6) 


C4 — C 5 — C 6 — C 1 


57.9 (5) 


C2— PI— C17— C19 


61.8(3) 



sup-6 
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C7— Cl— C6— C5 
C2— CI— C6— C5 
C3— C4— C8— C9 
C5— C4— C8— C9 
C3— C4— C8— CIO 

Hydrogen-bond geometry (A, °) 
D—H-A 

C17— H17-02' 

Symmetry codes: (i) x+l,y, z. 



-177.8(4) Ol— PI— C17— C19 -62.8(3) 

-54.7(4) Cll— PI— C17— C19 -173.5(2) 

-66.2(4) 02— PI— C17— C18 -61.0(3) 

57.7(4) Ol— PI— C17— C18 174.4(2) 

167.7(3) Cll— PI— C17— C18 63.7 (3) 



D — H 
0.98 



H—A 
2.44 



D-A 
3.180 (4) 



D—H-A 
132 
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